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#1 Bertini INC T F #5112 (1

Table 1. Cross sections required for Bertini INC model [1].
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Fig. 1. Angular distributions of nucleon-nucleon scat-

tering in Center-of-Mass frame: (a) Distribution of n-n

or p-p collision; (b) distribution of n-p collision.
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Fig. 2. Program flow chart.

#2 CBIMitHERS VEGAS FSeih 4 5w A s b

Table 2. Comparison of CBIM, VEGAS results and experiment data for reaction cross section.

%% NS TR/ MeV VEGAS [16] /mb CBIM/mb £ (161 /mb
A127 95 55548 448.65 415
160 47548 415.33 400
Cu%® 80 1036426 851.06 780
160 888425 795.45 750
300 811424 737.53 635
AsT5 378 907421 817. 27 ~ 700
Agl08 300 1130426 1066.54 ~ 920
Tal8l 375 1564426 1543.19 ~ 1340
Bi209 60 1883460 1833.69 1680
140 1821464 1827.84 1700
375 1725434 1731.79 ~ 1500
238 155 1955422 1984.37 ~ 1920

VF:1b=10"24 cm?.

42.2 AR TFIEAHL THE 2 2 5. W AT LI HY, CBIM il 51
i/ T MCNPX P4 8 % B i 54 2 1Al 53, k51
RAZFPIFIN L0 GeV B TE LN HUNRL g A ), 2 2t DAL 7 (504 2 5000 AR A, 1T

T AT 4 £ BE N EE T CBIM 5 MCNPX A [ #8 Y A LA RS JE k.
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%3 CBIM 5 Monte Carlo 74z 5 & Sk 444 (171 %) b
Table 3. Comparison of CBIM and MCNPX codes results [17] for reaction cross section.

(S NEHRT fE®/MeV  GEANT 4 /mb  PHITS /mb  MCNPX2.6 /mb  CBIM /mb

Pb207 p 800 1860 1847.12 1777.34 1782.76
p 1200 1905 1865.35 1820.76 1788.64
p 1600 1920 1867.83 1832.02 1798.21
Feb6 p 800 775 754.76 720.48 702.87
p 1200 801 762.21 741.82 712.58
p 1600 810.6 763.22 742.33 715.29
P 3000 — 763.38 739.83 733.47
n 65 — 847.2 843.59 775.98

Bi209 n 542 1707.16 (INCL) 2080.89 1725.45
A1%7 p 730 431.17(INCL) 446.43 441.06 432.56
p 2205 448.67(INCL) 453.65 451.63 440.43
c12 p 730 239.51 (INCL) 248.34 248.88 214.31
Tal8l p 1200 1641.35(INCL) — 1657.81 1622.83

F 4 CBIM 5 MCNPX H 7 #8508 Hof Ee
Table 4. Comparison of CBIM and MCNPX codes results for particle multiplication factor.

JRFAT HHE H SRR A5 58 R B T
FLJEFE /cm R ¥ ot 0 e
1.0 1.376 x 100 2.866 x 10° 7.976 x 1072 1.535 x 10~! 9.082 x 1072 CEM2K  4.56608
0.1 1.376 x 109 2.866 x 100 7.976 x 1072 1.535 x 1071 9.082 x 1072 CEM2K  4.56608
1.0 1.563 x 10° 1.909 x 10° 1.057 x 107! 1.074 x 10~! 6.711 x 1072  Bertini 3.75221
1.0 1.563 x 109 1.909 x 109 1.057 x 1071 1.074 x 10~! 6.711 x 1072 ISABLE  3.75221
1.0 1.874 x 100 2.207 x 10° 8.499 x 1072 8.539 x 1072 5.108 x 1072 INCL4 4.30246

— 1.672 x 109 2.300 x 109 9.649 x 1072 1.195 x 101 4.935 x 10-2 CBIM 4.23735

4.2.3 WHyHEE T SR T A B T TR BEh T, CBIM it

B34 H T 1.6 GeV i T EH G =4 frp BB AT FoA B Y. AP J8 0, B e B R AR
TRy A, BRI E TAEA U7 B h R, H 1) H R R HA SRRL - 8 O ok B A% N RBRT 25 Uk
B FRER KT 10 MeV I, CBIM iHE1H 5 & R, fe UK BRI R AR AR SRR T Y
CBIM A ReAE A% N GO A2, 1% ] R 2 it MK R

T L ) R TS P YN R
% 100
7 . 424 FEREREE
I ;/‘L 225 B4 BT HIROR A R BT
g [ s e TP HURR ARAL T R = AT T, 58 TRT
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£ ooaf o manpebert =L | AR 1) REE SRS SR T A & 6 )
bt 2) KB %5 6 JUR AP T 3) MR R BRI
0'011 — .....1.0 — 1(IJO .“1.(;00 ' JiF . MR 5 H RSN, [E Fr i Monte Carlo %
R oV TR BT I — L, DR SRR, 6502
;ﬁ(lﬂﬂ*ﬁé) 1.6 GeV i T 22 HH G U o T B BT AEAE 2R T CBIM 548 76 ) S %45 BT
Fig. 3. (color online) Differential cross section for neu- E’ 5 LR ﬁﬁ?&ﬁ’ i%ﬁﬁiﬁ(?ﬁﬁﬁ:%’éﬁ, {1
tron in the 1.6 GeV p+Pb reaction. T WA 2 [A].
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#®5 CBIM 5 H AR RS BT

Table 5. Comparison of CBIM and other codes results for residual nuclei.

e e o ‘ i AVOPI BABOTE RARTES
NHETRT G R R o FURBCRSGH  FIRECPS - RARBTS
RAREE/MeV JET P Joi B4
E, =160 MeV AI27 INCL45-ABLA 38.45 12.71 25.71
CEMO03-03 36.2+34.4 12.8+0.7 26.24+0.8
CBIM 43.10 13.03 26.50
En =65 MeV Fe56 INCL45-ABLA 29.00 25.43 55.52
CEMO03-03 37.8£24.8 25.8+£0.4 56.0£0.7
CBIM 45.95 25.75 56.23
E, = 3000 MeV Pb207 INCL45-ABLA 241.71 78.60 198.62
CEMO03-03 691.94448.5 79.84+2.0 194.54+8.1
CBIM 496.12 80.51 201.96
E, = 1000 MeV y23s CEMO03-03 292.0+183.6 91.6+1.1 232.243.5
CBIM 300.84 91.35 234.93
[6] Yariv Y, Fraenkel Z 1979 Phys. Rev. C' 20 2227
5 é‘:l:[: ﬁ%%%‘é [7] Gudima K K, Mashnik S G, Toneev V D 1983 Nucl.
Phys. A 401 329
N o g e - 8] HanY L 2004 High Energy Physics and Nuclear Physics
[F Bertini B4 LA I {8 % INCL A8 5 [ . :
ARSLHE BRI E, {5 BRI 28 48 (in Chinese) [FifR3% 2004 HAEMH 5% 13 28 48]
N N /iy S =~ PN SN
O R T I T HUR A ﬁiﬁj\ﬁj\%ﬁ, TF R — KRR [9] Yu HW, Cai C H, Zhao Z X 2005 High Energy Physics
S Y A (}ﬁ%\ FH.nO \T(+) AR IAZ N % and Nuclear Physics 29 263 (in Chinese) [T-itffi, &5
s - \ . i, EFE 2005 mEEMIE S ) EE 29 263
Bk 0 Monte Carlo #ZFEFFE, MR LR 1 , P R0 203
. [10] Liang C T, Cai C H 2007 Atomic Energy Science and
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Development of an intranuclear-cascade code CBIM
applicable to the nuclear reaction with incident particle
energy above 45 MeV”
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Abstract

The Monte Carlo intra-nuclear cascade program CBIM has been developed for describing spallation reactions
involving protons, neutrons and pions on complex nuclei.

In order to describe cascade process, several simplifications and assumptions are made in the following: firstly,
neither reaction, nor reflection, nor refraction, nor ionization will be taken into account before the incident particle
enters into the target nucleus; secondly, target nucleus is regarded as being spherical and the atom number should be
greater than 2; thirdly, the knocked nucleon is determined by cross section sampling; finally, in the center-of-mass frame,
the scattering angle is sampled based on differential cross section distribution.

The basis physics model is based on the above assumptions and Bertini intra-nuclear cascade model; meanwhile,
nucleon-nucleon angle differential distributions of INCL in the center-of-mass frame are introduced to overcome the
shortage of Bertini model. The interactions between nucleon and nucleon or between nucleon and pion, such as elastic
scattering, pion production and charge exchange, are included in the code. In the particles collision, the nucleon density
changes with the target nucleus radius; and the interaction cross sections refer to 22 kinds of experimental cross sections
in Bertini model. The intra-nuclear cascades induced by 45-3500 MeV neutron, proton or pion below 2500 MeV can be
simulated by this code.

Finally, comparisons between experimental reaction cross section over the energy range 60-378 MeV, and some
simulation results by MCNPX, GEANT4 and PHITS over the energy range 65-3000 MeV show that they are in reasonable

agreement with the CBIM results over the broad energy range considered.
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